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I. INTRODUCTION 
This thesis is an Investigation of the reactions 
PP PP'^ 
o ( 1 )  
( 2 )  + -> pniT 
npTT (3) 
at an incident antiproton momentum of 2.85 GeV/c. Two experiments are in­
volved, both performed at Brookhaven National Laboratory In 1967 using 
the 31" hydrogen bubble chamber at the AGS, one in June and the other in 
September. Hereafter, the first experiment is referred to as Experiment 
A and the second as Experiment B. Details of the beam and the film have 
been previously reported (1-3). The elastic scattering has been reported 
elsewhere (4). A preliminary sample of reactions (1)-(3) of Experiment A 
was used to test some Veneziano models (5). 
Early experiments Investigating these reactions demonstrated the 
production of the A(1236) resonance (6,7), The resonance was originally 
thought to be produced via (for example) pp + (rnr )p -»• nA° n (tt p) ; that 
is, via exchanging one pion between the nucléon and the antinucleon. The 
values of spin density matrix elements of the observed A and the t-
dependence predicted from this assumption about the production mechanism 
did not match the data even for the Initial experiments (7), which had 
typically about 200 events in each reaction. Two recent experiments (8,9) 
raised the possibility that the ratio of charged A(1236) to neutral 
A(1236) does not match that predicted from the Invariance of the strong 
interaction under Isospin transformations. We have tried to measure 
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accurately the cross sections for and A° production. 
One pion production In pp Interactions has been studied over a wide 
range of Incident antiproton momenta: 1.23 GeV/c (10), 1.30 GeV/c (10), 
1.36 GeV/c (10), 1.43 GeV/c (10), 1.51 GeV/c (11), 1.61 GeV/c (12-13), 
1.65 GeV/c (11), 1.80 GeV/c (11), 1.95 GeV/c (11), 2.15 GeV/c (11), 2.2 
GeV/c (9), 2.45 GeV/c (11), 2.60 GeV/c (11), 2.70 GeV/c (8), 2.75 GeV/c 
(11), 2.90 GeV/c (11), 3.0 GeV/c (6), 3,28 GeV/c (14), 3.6 GeV/c (15-16), 
3.66 GeV/c (14), 4.0 GeV/c (7), 5.7 GeV/c (17), and 6.94 GeV/c (18-19). 
Reactions (l)-(3) provide rather sensitive tests of C and CP in­
variance of the strong interaction because under various combinations of 
C, P, and R the momentum and angular distributions of the particles 
transform from that of one final state into that of another (20), C is 
the charge conjugation operator, which transforms a particle into its 
antipartlcle; P is the parity operator which inverts the x, y, and z 
coordinate exes; R is a rotation of 180° about an axis perpendicular to 
the direction of the Incident Whenever statistical accuracy has been 
adequate, reactions (l)-(3) have been studied for CP Invariance, with no 
statistically significant deviations being found. This is also true in 
the present case, subject to the limitations discussed in Appendix A. 
If CP invariance is accepted as valid it can be used as a check for biases, 
as is done in Appendix A. It can also be used to increase the statistical 
accuracy of the experiment by adding together equivalent histograms, as Is 
done here and has also been done in every other experiment Involving these 
reactions. 
in general, at all energies, some form of a one plon exchange model 
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has been used to represent the data. In all cases having significant 
statistical accuracy, It was concluded that the form of one plon exchange 
in vogue was Inadequate to describe the production and decay angular dis­
tributions of the A resonance. Several recent experiments have Indicated 
that a one plon exchange model was also Inadequate to explain the different 
structure of the effective mass plots for the A° compared to the (9, 10, 
12), Some of the difference, In this experiement and in the experiment 
discussed In the Sears paper (8), appears to be due to contamination of 
the final states Involved with spurious fits to other final states, as 
is discussed at length in Appendix A. The remaining difference Is 
apparently due to the mass difference of the two charge states A^ and A°. 
We have fitted the masses of the A^ and the A° as 1233 + 4 MeV/c^ and 
1220 7 MeV/c^ respectively, with a width of 13^ + 15 MeV/c^. The cross 
section for A^ production was found to be 2.08 + .04 mb. Spin density 
matrix elements have also been calculated. 
Chapter 11 of this thesis discusses the experimental details. Chapter 
III gives experimental results such as cross sections and CP plots. 
Chapter IV contains the study of the A resonance. Appendix A discusses the 
ambiguity problem, and Appendix B discusses fitting philosophy. 
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I I .  E X P E R I M E N T A L  D E T A I L S  
A. Beam and Film 
The film used in this experiment was taken in two sections, both at 
Brookhaven National Laboratory In 1967 using the 31" hydrogen bubble 
chamber at the AGS. Between the first 40,000 pictures, taken In June, 
and the last 110,000 pictures, taken in September, the bubble chamber 
was warmed up, dismantled, cleaned, and reassembled. Because of this 
the two sections of fi lm had different beam momenta and different optics 
constants. In addition to these differences, the scanning, measuring, 
and processing procedures were changed between the processing of the 2 
prongs In the first 40,000 pictures and the processing of the 2 prongs 
in the next 40,000 pictures. The data obtained from the two sections of 
film thus must be considered to be two separate experiments, at least as 
far as normalization and possible experimental biases are concerned. This 
was in fact the purpose in changing the processing procedures; the first 
experiment. Experiment A, had raised the possibility of interesting 
structure both In the elastics (4) and in the one pion production final 
states, discussed In this paper. The second experiment, Experiment B, 
was intended as an Independent check, in so far as possible, of Experiment 
A. After bias studies and corrections, the two experiments did support 
each other, and have been added together for analysis purposes. 
The beam and target properties have been reported previously (1-3). 
The IT, y, and K contamination was < 1% In Experiment A and < 2.5% in 
Experiment B, as reported previously (1). 
5  
B. Scanning and Measuring Procedures 
In both experiments, the beam flux was determined from counting the 
beam tracks entering the chamber In every tenth frame. This flux was then 
corrected for the number of interactions occurring In the chamber but 
before the beginning of the fiducial volume. The average number of beam 
tracks in the chamber was 8.76 + .05 per frame for 37,189 frames In 
Experiment A and 9.31 + .05 beam tracks per frame for 33,351 frames In 
Experiment B. The errors given are statistical only. A beam count cor­
relation was attempted, and the efficiency of the beam count was found 
to be 98 + 2%, consistent with 100%. All measured events In 5,897 frames 
of Experiment A were examined for "non-events", such as Interactions In­
duced by early or late or off-momentum Incident antiprotons. The number 
of events measured was then corrected for these "non-events." In Experi­
ment B, all measured events were examined, and "non-events" were elimina­
ted from the final data sample. 
In Experiment A, 37,189 frames were scanned for all topologies, and 
9,«86 frames were scanned twice, also for all topologies. The efficiency 
of scan 1 for 2 prongs was 90.6% + 1.5% and of scan 2 was 92.6% + 1.5%. 
The approximate vertex location of each event was recorded at the 
scanning table by noting the location of the vertex within a grid having 
squares approximately 2" on a side In real space. Only events occurring 
in the first scan and between approximately 3" and 18" In the chamber as 
Indicated by the grid location were entered on a measuring l ist, although 
all events In the chamber had been Included In the scans. 
In Experiment 8, 33,351 frames were scanned twice for 2 prongs, once 
without grid locations and once with. All events found within the chamber 
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were measured and the fiducial volume was determined from a study ot 
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where losses due to high % for poorly measured events began to become 
important. (See Appendix A.) A third scan within approximately the 
fiducial volume so determined was done with grid locations, and a fourth 
scan was done by physicists for stopping positive tracks only, to study 
the t-dependence of scan correlations in the elastics. As might be ex­
pected, scans were found to be correlated (for elastics only) In the 
region requiring (^-dependent corrections to the t-dlstrlbutlon; that Is, 
for proton tracks less than approximately 1 cm. (-t < .04 (GeV/c) ). One 
assumes from this that the Inelastic final states involving production of 
one plon are also uncorrelated since the conditions leading to scan bias 
for low t elastics don't hold for the Inelastlcs. The scan efficiency 
for the uncorrelated events was 96.0 + 1.0%. 
After Experiment A had been measured and processed, those events 
which might have been poorly-measured elastics were classified as "lost 
protons" and remeasured. That classification consisted of (a) those 
events about which either the scanner or the measurer had commented that 
the positive track was dark; (b) those events found upon Ion-checking to 
be inconsistent with the fits obtained; (c) events having elastic fits 
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with X greater than 15. Comments on the negative tracks were Ignored. 
The "no fit" category was not Ion-checked until much later, and lost 
proton, antiproton, and kaon events from this classification were not re-
measured in Experiment A. This lack is thought to have no effect on the 
final data sample; see the comments below on Experiment B. Experiment A 
had heavy losses In transferring the data tapes from the EMR 6050, which 
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controlled the measuring, to the IBM 360/65, which did the processing, 
because the tape drives were not tuned compatibly at that time. 
Experiment B was measured in 4 passes. The first pass included all 
those events found in the first scan. The second pass consisted of those 
events about which the scanner or measurer had commented that the positive 
track was dark. The third pass consisted of those events about which the 
scanner or measurer had commented that the negative track was dark, the 
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events having no ionization-consistent fits, and elastic fits having x 
greater than 12. The fourth pass consisted of the lost proton, antiproton, 
and kaon events found by Ion checking the "no fit" category and of those 
events not previously measured but which were found in any one of the 4 
scans and had a proton comment by any one of the scanners. This last pass 
was different from Experiment A and is thus of interest. It added 101, 101, 
and 168 events, or about 7% to reactions (l)-(3) respectively, and added 
about 800 events, or about 7% to the elastics. The qualitative structure 
in the effective mass and in the angular distributions did not change In 
any of these states, so presumably the results of Experiment A would not 
have been changed by this addition either. The new events found in the 
scan correlations were not included In the final samples of reactions 
(l)~(3) because the contribution to the inelastlcs from that source is not 
known; including them would in essence make the scanning efficiency for 
the inelastlcs unknown. 
C. Geometric Reconstruction 
The events were processed using a locally written version of HGEOM. 
There were 3 differences between the 2 experiments: 
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(1) The hydrogen density determined from the length of y tracks In 
TT p e decays was 0.0660 ^ 0.0007 gm/cm for Experiment A and 0.0608 hh 
0.0002 gm/cm^ for Experiment B. See Figure 1. The larger error on the 
hydrogen density in A is due partly to the fact that only 225 p's were 
measured in Experiment A and 394 In Experiment B, and partly due to the 
better control of measuring quality for the p tracks In Experiment B over 
those in Experiment A; the p tracks in Experiment A were measured off­
line, before the computer-controlled measuring system was Implemented 
while the p tracks in Experiment B were measured under computer control. 
(2) The momentum for Experiment A was Z885 +.80 MeV/c and for Ex­
periment B was 2820 4^ 80 MeV/c. The momentum for the summed experiments 
was 2850 +^90 MeV/c. See Figure 2. 
(3) A study of the stretches for the elastics for Experiment A and 
Experiment B revealed that optics constants had to be made rol1-dependent 
in Experiment B but not in A. 
For both experiments, wherever possible, the momentum of the positive 
track was determined from its range, since vertices can be measured more 
accurately than can the curvature of short tracks. 
D. Kinematic Reconstruction 
The kinematic reconstruction was done by GUTS (21). An elastic fit 
was tried if the missing mass obtained from the measured quantities was 
within 5 standard deviations from 0. Any event which had a fit to an 
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elastic hypothesis with % less than 40 was assumed to be an elastic and 
no other fits were tried. If the event did not f it an elastic hypothesis, 
all other fits were tried and accepted under the following conditions. 
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The ppn°, pmr"^, and/or prnr" final states were tried if the missing mass was 
within 5 standard deviations from the mass of the appropriate neutral 
and was accepted if the for the fit was less than 9- The K^K 
hypothesis was tried if the missing mass was within 5 standard deviations 
2 I + -from 0 and accepted if the x for the fit was less than 40. The tt tt 
hypothesis was tried if the missing mass was within 3 standard deviations 
from 0 and accepted if x^ was less than 40. The 7t° hypothesis was 
tried if the missing mass was within 3 standard deviations from the ir° 
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mass and accepted if the x was less than 9. The numbers of events 
obtained and the cross sections for these final states are given in 
Chapter III. 
E. Ionization Consistence 
All events having a track with momentum less than 1300 MeV/c or with 
dip greater than 50° were examined for ionization consistence of the fits 
*4* " 
obtained to it. All K K fits were examined. Whenever an event was 
ionization consistent with more than one f it, and that choice was between 
a one constraint f it and the "no fit" possibility, the one constraint 
hypothesis was chosen preferentially. 
F. Bookkeeping 
To eliminate the duplicates arising from the many measuring passes, 
the GUTS output tapes were sorted on roll and frame numbers, then the re­
constructed vertices of events in nearby frames were compared. If 2 
vertices were less than 0.2" apart, the fits were assumed to be from the 
same event. The fits obtained for each event were then examined. If an 
elastic fit was obtained on any measurement, only the elastic fit with 
1 2  
2  the lowest x was retained and all other fits to any other final state 
were discarded. If no elastic fit was obtained, the measurement having 
2 the lowest x for a given hypothesis was retained, then these hypotheses 
were examined for ionization consistence whenever possible. Any 
ambiguities remaining among the final states after such examination were 
2 decided by keeping a f it only if its x probability was greater than 5 
2 t i mes the x probability of all other acceptable fits to that event, if 
this criteria was not satisfied for one of the remaining fits, the event 
was discarded. See Appendix A for any possible effect this would have 
on the data. For those events for which all tracks were minimum-
ionizing, the "no fit" category was chosen only when no other fits were 
obtained. Ambiguities were resolved as for those events which could be 
examined for ionization consistence. 
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III. EXPERIMENTAL RESULTS 
A. Cross Sections 
The cross section Is given by 
" -1:^ (») 
where 
A = 1.008 gm/mole 
2? 
A = 6.0226 X 10 atoms/mole 
o 
p - density of hydrogen (gm/cm^) 
g = average beam tracks per picture 
f = total number of frames 
h = average length of a beam track, corrected for 
Interactions and for track curvature. 
The correction for losses due to interactions is given by 
h = (l-a)Spy + aSj = Spy - a(Spy-Sj) 
a = probability a beam track will interact within the 
fiducial volume 
Spy = track length of non-interacting beam tracks In the 
fiducial volume 
S. = average track length of interacting beam tracks. 
The correction for track curvature is given by 
s = L + 1.5 X 10"®(B/p)^L^ 
L = length of the fiducial volume (in cm) along the 
direction of the beam when it first enters the chamber 
B = average magnetic field, in gauss 
P = beam momentum, in MeV/c 
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N = number of real events in the fiducial volume = 
N'/GsCpCc 
N' = number of events in the selected final states 
Eg = scanning efficiency 
Ep = processing efficiency 
e = probability a real event will pass the cuts described 
^ in Appendix A and a fake one will not 
Only the last term, depends on the final state. All other terms for 
the two experiments are given in Table 1. The factor is discussed in 
Appendix A. If we define 
F (5) 
pA Bfhe e 
o s p 
then F is a conversion factor from corrected number of events to total or 
partial cross sections, applicable to all final states. The factors F for 
the two experiments separately and for the summed experiments are also 
given in Table 1. The conversion factors F^ to apply to individual final 
states are given in Table 2, which also contains the cross sections. 
B. CP Invariance 
One can define distribution functions, W, of any 5 independent 
kinematical variables in the 3 body final states of pp -*• 1+2+3 as the 
probability that an event will be seen with those values. If these 5 
variables are chosen as , the energy of particle 1 in the center of 
mass; 8^, the angle particle 1 makes in the center of mass with the inci­
dent IP momentum; E^, the energy of particle 2 in the center of mass; ôg* 
1 5  
Table 1. Experiment-dependent factors needed for conversion of numbers 
of events to total or partial cross-sections 
Val ue 
Quantity Experiment A Experiment B 
P .06605 + .00070 gm/cm^ .06075 + .0002 
E 8.455 + .047® 9.094 + .051® 
F 37,189 33,351 
a'' .1107 + .0016 .1516 + .0032 
B 22.46 X 10^ gauss 22.46 X 10^ gauss 
P 2885 + 80 MeV/c 2«20 + 80 MeV/c 
"-FV 36.576 cm 54.610 cm 
^FV 36.620 + .002 cm 54.765 + .006 
h 17.927 cm 26.648 cm 
S| 17.932 + .0001 cm 26.666 + .001 cm 
F 34.551 + .466 cm 50.505 + .090 cm 
^s 
.906 + .015 .960 + .010 
e 
P 
.935 + .007 1.026 + .006= 
F 2.752 ^ .060 i ib/ev 1.826 + .023 
^A+B 1.095 + .014 
^Corrected for losses due to interactions occurring in the chamber 
but before the beginning of the fiducial volume. 
l-s the ratio of total number of interactions to total number of 
beam tracks. The errors on g and a are not Independent. 
Cyhe processing efficiency is basically the ratio of number of events 
In all final states to the number of events found in the scan. In Experi­
ment B few events missed all four measuring passes. Since the measurers 
were allowed to add events found while measuring, the net efficiency Is 
greater than 1. 
Table 2. Total cross sections and conversion factors from events to mi crobarns 
fm 0 t fk O ^ ^ -Final State ppir npir pnir tt tt ti tt tt K K 
Conversion factor 
F^, in yb/event 1.225+.020 I.3AI+.O26 1.264+.023 1.095+.01A 1.095+.014 1.0951.0! 
Total cross 
section, in mb 2.90+.08 2.83+.08 2.96+.08 .704+.029 .016+^004 .Ou66+.0027 
^Upper l imit. This state may have some contamination from 7r\ + 2Tr° events. 
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the angle particle 2 makes in the center of mass with the incident p 
momentum; and 4^2* the angle in the plane perpendicular to the incident p 
between the projections of the momenta of particles 1 and 2 on that plane, 
then Pais has shown (20) that applying the charge conjugation operator C 
and the parity operator P and the rotation operator R to the final state 
1+2+3 relates some of the distribution functions to each other in a simple 
manner if the strong Interaction is invariant under the appropriate opera­
tion. Some of these relations are given below. 
CP invariance predicts 
WtEj.Gj,52,82,4,2) = W(Ei-,TT-ej.,Ej,Tr-0j,(j)-|Y) (g) 
and CR predicts 
W(Ei ,©1 ,E2»®2''' '12) = W(EY,TT-8Y,EY,Tr-8Y,-(()y^) (7) 
or alternatively, either one predicts 
W(EpCosepE2,cos02,cos(j),2) = W(E-|-,-cos0y,Ey,-cos9j,cos(j)"jY). (8) 
Integrating over energies and angles this gives 
W(cos0 ,cos0—) = W(-cos0—,cos0 ) (q) 
P P P P 
and 
W(cos0^o) = W(-cos0^o) (10) 
for the ppn° state. One can transform variables to obtain the relations 
w(Pc^(p)) = w(p^^(F)) (11) 
and 
1 8  
W(Mp^o) = for the pp7r° state, (12) 
where Is the momentum of particle "• in the center of mass and 
is the effective mass of the particle combination 1+2. 
These relations mean that Figure 3a should match Figure 3b if Figure 
3b is reflected about cos 0=0, Figure 3c should be symmetric about cos 0=0, 
Figure 4a should match Figure 4b, and Figure 5a should match Figure 5b. 
After the cuts described in Appendix A, these and analogous expressions 
for the ^niT^ and pmr states hold within the statistical resolution of 
the experiment. Figures 3, 4 and 5 are the final data samples after the 
cuts. 
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Figure 5, Histograms of the squares of the effective masses_of all the_ two-
partîcle combinations in the final states ppm°, npir"*", and pnir 
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IV.  PRODUCTION AND DECAY OF THE A(1236) 
A. Isospin and Charge Conjugat ion Arguments 
An examinat ion of  the ef fect ive mass p lots (Figures 5,  6 and 7) 
suggests that  what occurs in the react ions 
pp pp^° (  1 )  
pnir ' * '  (2)  
can be descr ibed as 
->• pmr (3) 
pp  ^a" ^  ( 13 )  
->nA° (14) 
pA^ (15) 
-> na° (16) 
PF^^ (17) 
pnn* (l 8) 
> pmr (19) 
with the A(a)  subsequent ly decaying to a nucléon (ant inucleon) and pion. 
React ions (17)-(18) are background terms in which no resonance is  pro­
duced. Charge conjugat ion Invar iance requires that  (13) and (15) have 
the same product ion cross sect ions.  Simi lar ly,  react ion (14) must have 
the same cross sect ion as (16),  and react ion (18) must have the same 
cross sect ion as (19) •  
The total  t ransi t ion ampl i tude from in i t ia l  pp state to a f inal  
nucleon-ant inucleon-pion state v ia a A or  A resonance can presumably be 
wr i t ten as a product of  ampl i tudes descr ib ing separately the resonance 
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product ion and the mass and angular dependence of  i ts  decay. The isospin 
invar iance of  the strong interact ion,  as wel l  as the charge conjugat ion 
invar iance ment ioned above, can be used to relate the product ion ampl i ­
tudes of  the four resonances produced and their  decay ampl i tudes into the 
three observed f inal  states.  
Since the strong interact ion can be represented by operators which 
are isoscalars,  we can wr i te the product ion part  of  the ampl i tude for  the 
react ion 1+2 ->• 3+4^ in terms of  reduced matr ix elements T( l )  and 
Clebsch-Gordan coeff ic ients < m^mj| Im >,  
< f |T| i  > = < Igmgi l^m^lTl l^mj i lgmg > = I  < nym^j im > 
X < m^mgj lm > T( l ) ,  (20) 
where m^ is  the th i rd component of  the isospin I .  of  part ic le i ,  I  is the 
total  isospin of  the two-part ic le state,  and m is  the th i rd component of  
I .  The cross sect ion for  the react ion is  proport ional  to |< f |T| i  >|^.  
To examine the ef fect  of  the Isospin of  the A, we need only consider 
react ions (13) and (14).  For react ion (13),  the in i t ia l  state is  
ii > = ipp > = lh,-h > x \h,h > = 1,0 > - »^|o,o >, (21) 
and the f inal  state is 
if > = |pa*> = \h,~h > x \h,h > = 2,0 > + v^l 1,0 >. (22) 
The t ransi t ion ampl i tude is  
< PA^|T|PP > = %T(i) .  (23) 
The in i t ia l  state for  react ion (14) is  the same as for  react ion (13),  and 
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the f inal  state is 
I f > = I nA° > = \k,h > X 1^5,-^5 > = 2,0 > -  )^ |  1 ,0 > ,  (24) 
g iv ing for  the t ransi t ion ampl i tude 
< nA°|T|pp > = -^T( l ) .  (25) 
From th is we see that  
|< nA°|T|pp >1^ = %1t(1) |^ = I  < pA'* ' | t1pp >|^,  (26) 
so the probabi l i ty  of  producing a 6^ in react ion (13) equals the probabi l ­
i ty  of  producing a in react ion (14),  or  an equal  number of  and A° 
should be produced by the two react ions.  Including the charge conjugat ion 
requirements descr ibed previously leads us to the conclusion that  re­
act ions (13)-(16) each have the same probabi l i ty .  
Now consider the decay of  the A^ and the A°.  Let  T '  be the t ransi t ion 
operator for  the decay 4 5+6. The isospin decomposi t ion of  the decay 
ampl i tude is  given by 
< f |T '1 i  > = < l^m^; i^m^lT' | l^m^ > = % < m^m^jI  m > T ' ( l ) .  (27) 
For the A^, |  i  > = \^,h > and |  f  > 's  Ipir^ > or  |nn* > .  
|ptr° > = > x 11 ,0 >= > - ^\h,h > (28) 
jmr"*"  > = 1^5,-^ > X 11,1 > = > + ^\h h > .  (29) 
So < pn°|T' |A* > = T'(•^)  and < nn*|T' |A* > = / f l '  (•^) (30) 
For the A°,  | i  > = |  ^,-h > and |f > is  |piT > or |nw° >. 
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|ptt >= \h,h > x 11,-1 > = >-/% 1%,-% > (3t) 
|mT° > = \H,-h > X 11,0 > = >^1 > (32) 
S o  <  ptT | T ' 1 a° > = T'(f') and < nï ï° |T '|a° > = T '  (-1-)  .  (33) 
The mT° and nir^ decay modes are not observable in th is exper iment,  so only 
1/3 of  the produced A° and are observed. Thus: 
total  number of  observed |  < pn°|T' |A^>|^ +|  < pir^ |T ' |a^ > |  ^  
total  number of  observed a° | < pir | T '|a° > | ^ 
it ' (zf [f + 3"] 2 
|T'(f)f Hrl 
(34) 
(35) 
From charge conjugat ion invar iance. 
number of  observed X*" number of  observed a"*" 
number of  observed a° number of  observed a° 
3 
T (36) 
B. Mass Dependence of  the Decay 
As commented previously,  the t ransi t ion ampl i tude for  the decay of  
the a, wri t ten above as T'(- | - ) ,  is  presumably separable into a mass-
dependent part  and an angular-dependent part .  In somewhat more expl ic i t  
form, th is means we can wr i te the di f ferent ia l  cross sect ions for  the 
ppiT° state and the summed pnir^ and pmr states as 
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d cr o  r.  0 0 0 
EH = _ /\  H(t  o)  G (A o) E ( M  O)  dM o dM o da o dt  o 
a — 3  p i t  piT pTT p i r  piT pir ptr  
+ ^  A H(t_ o) G(ot o)  E (M_ o)dM^ o da— o dt— o dM^ o 
• 3 ptT ^1T pTT pïï pTT pTT pïï (j/) 
+ ( _!_ )  ^A. dMpnodM&nodonodt, 
ZE-u ( t  (max)- t  (min))  LM p p 
d^a— + + o — - . 
'  =  — A H(t  +) G(a +) E(M +) dMr_+ dM^_+ da„_+ dt__+ 
(J— 4. + O — -pnn pniT 
2 2 2 
. . .. . „ . .r wi  
ntT ni l  nir  rnr  pir  n i r  ntr 
+ -^ A H(t— +) G (a— +) E (M— +) dM— + dM + da— + dt— + (38) 
3 pTT piT pïï pïï nïï pïï pïï 
ï ï  ^  C„ dM^ + dM^ + da o dt  
+ ( ) JL ^ 
2E_ 4ï ï  ( t_(max)- t  (min))  Ln p p 
where A is  the probabi l i ty  of  producing a pA^, a.  is  an as yet  unspeci f ied 
choice of  2 angular var iables appropr iate to the system of  part ic les i  
(where i  is one or  two f inal  state part ic les,  as indicated above),  t .  
is the ^-momentum t ransfer to the system of  part ic les i ,  M. is  the 
ef fect ive mass of  the system of  part ic les i ,  is the probabi l i ty  of  
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producing nonresonant ppir  background, is  the probabi l i ty  of  producing 
nonresonant pnn* (or pmr )  background, E(M|)  is  the mass dependence of  
the decay of  the resonance ( the expl ic i t  form is given in Equat ion (4 l ) )  
for  the mass combinat ion i ,  G(a.)  Is  the angular dependence appropr iate 
to the decay of  the A formed by mass combinat ion i  (expl ic i t  form given 
in Equat ion (44)) ,  and H(t . )  is  the t-dependence of  the A product ion 
ampl i tude (expl ic i t  form given in Equat ion (48)) .  H, G, and E must be 
normal ized such that  the integral  over the range of  their  var iables is  1.  
The factors mult ip ly ing and Cg are the expl ic i t  normal izat ion factors 
which normal ize the integral  over phase space to 1.  E^^ is  the total  
2 
center of  mass energy avai1able--2.72 GeV/c .  
This form for the di f ferent ia l  cross sect ion can be integrated over 
some or  a l l  of  the var iables to obtain expressions for  var ious d istr i ­
but ions in the remaining var iables.  For example,  integrat ing over a l l  
var iables gives the total  cross sect ion.  Extract ing the A^ f rom th is 
g i  ves: 
1 2  1  2  o.+ = -nr ao— + + T A0— 0  = 7-a (ct— + + 0— -) + — ac— O 
a 3 pmr 3 ppTT 6 pntr  pnir  3 ppir  
Integrat ing over t  and a gives an expression for  the 2-dimensIonal  Dal i tz 
p lot  densi ty.  
2 d a — o 
PP" = & *xE(M o) + I-AxE(M-o) 
-  o dh' o dm^- o 3 p« 3 pw 
ppir  p i r  p i r  
(39) 
+ (./2eç„)^c, 
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d [a— + + a ] 
_£rnt pmr 
0-— + + 0 — " pnir pnTT dM + dM^- + nn pir 
laxe(m^^+) +yaxe(fy^+) + (tt/2e^ j^)^ (40) 
The expression for  the mass dependence of  the decay ampl i tudes, E,  is  
f rom Jackson (22).  i f  M and m are the masses of  the nucléon and pion 
respect ively of  the part ic le combinat ion (Ntt )  being considered, and 
and are the mass and width respect ively of  the A formed, then E(M^^) 
is  given by 
m 
E'V' - (,r/2ec„)' 
N Ï Ï  (41) 
r (M^^) is  the empir ical  form of  the mass dependence of  the width,  and is  
given by 
2 
p(m^^;m^,m^ 3 a.m^ + [p(m^ ,m^)] 
r(m ) = r [ , 2 ] x [ 2 ] . (43) 
° p(m^;m^,m^) a^m^ + [p(m^^;m^,m^) 
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The (A^m^) ^ is the radius of  interact ion of  the NTT system; A^ has an 
est imated value A^ = 2.2 (22).  
The forms obtained for  the Dal i tz p lot  densi t ies by subst i tut ing 
these expressions for  P, T and E into Equat ions (39) and (40) were used 
t o  f i t  t h e  e x p e r i m e n t a l  D a l i t z  p l o t  d e n s i t i e s  f o r  a l l  t h r e e  f i n a l  s t a t e s  
as displayed in Figures 6 and 7 and as l is ted in Tables 3 and k.  The 
resul ts obtained are given in Table 5.  
The f i rst  ser ies of  f i ts  ( f i ts  1-4) were to the ppn° state.  I t  was 
found that  the A width was h ighly correlated wi th the value of  A^,  and 
that  Aj  was i tsel f  poor ly determined but consistent wi th 0.  The re lat ively 
2 high value of  x for  a l l  f i ts  is possibly an indicat ion that the data has 
suf f ic ient  resolut ion to dist inguish between d i f ferent forms for  E(M.,  )  NTT 
and that  the chosen form is not a val id one. The f i t  to the ppm° Dal i tz 
plot  wi th Aj  f ixed at  0 ( f i t  4) is  displayed in Figure 8 superposed on 
the ef fect ive mass histograms of  a l l  part ic le combinat ions of  a l l  three 
f inal  states.  The f i t  to the ppn° state reproduces the general  features 
of  a l l  three f inal  states,  wi th the except ion of  the mass region of  the 
A° in the pnn* and the pmr f inal  states.  The lower curve in each case is  
the contr ibut ion from the f lat  background, the middle curve is  the back­
ground plus the ref lected A(T) and the top curve is  the fu l l  d i f ferent ia l  
cross sect ion.  
The second ser ies of  f i ts  ( f i ts  5-6) is  to the summed pmr^ and pnir  
Dal i tz p lot .  Permit t ing a d i f ferent mass and ampl i tude for  the A^ and the 
A° gave a much bet ter  f i t  but the ampl i tude for  the a"*" was less wel l  de­
termined than when the ppn° state is  f i t ted.  Note that  in f i t  6 the rat io 
30 
(u 
W)  
tn 
cr 
s: 
o 1= 
b_ 
3 . 6  
Figure 6.  The ppn° Dal i tz 
The curve shown 
p lot .  The uni ts are (GeV/c^)^.  
is  the average boundary 
31 
IM  
en 
en 
Œ 
û_ 
! w, 
6 
Figure 7.  The summed,pnir  and pnïï  Dal i tz p lots.  The uni ts shown 
are (GeV/c )%. The curve shown is  the average boundary.  
The_polnts outs ide the curve are most ly f rom the 
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Table 3.  Densi ty d istr ibut ion,  normal ized to 1,  of  the ppn° f inal  
state 
M^o in (GeV/c^)^ 
piT 
1.1 -  1.45 
1.45 -  1.60 
1.60 -  1.80 
1.8 -  2.05 
2.05 -  2.30 
2.30 -  2.70 
2.70 -  3.20 
1 . 1  -  1 . 4 5  
.0346 + .0038 
.0346 + .0038 
.0356 + .0039 
.0241 + .0032 
.0279 + .0034 
.0190 + .0028 
0 + .0004 
1.45 -  1.60 
.0266 + .0034 
.0236 + .0032 
.0236 + .0032 
.0220 + .0030 
.0228 + .0031 
.0460 + .0044 
.0165 + .0026 
1 . 6 0  -  1 . 8 0  
.0367 + .0039 
.0325 + .0037 
.0160 + .0026 
.0249 + .0032 
.0198 + .0029 
.0295 + .0035 
.0198 + .0029 
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in (GeV/c^)^ 
1.80 -  2.05 2.05 -  2.30 2.30 -  2.70 2.70 -  3.20 
.  0266 + .0034 .0198 + .0029 .0224 + .0031 0 + .0004 
.0232 + .0031 .0236 + .003/ .0473 + .0045 .0101 + .0021 
.0194 + .0029 .0186 + .0028 .0211 + .0030 .0160 + .0026 
.0148 + .0025 .0139 + .0024 .01 |8 + .0022 .0093 + .0020 
.0139 + .0024 .0122 + .0023 .0144 + .0025 .0135 + .0024 
.0190 + ,0028 .0144 + .0025 .012/ + .0023 .0139 + .0024 
.0245 + .0032 .0135 + .0024 .0114 + .0022 .0295 + .0011 
Table 4.  Densî_ty d istr ibut ion,  normal ized to 1,  of  the summed pnir^ 
and pnir"  f inal  states 
2 M r— + -  -I in  IpTT + pTT J 
(GeV/c^)^ 1.1-1.45 1.45-1.60 1.60-1.80 
1 .  1 -  1 1.45 .0263 + .0024 .0245 + .0023 .0260 .0024 
1 .  45 - 1.60 .0213 + .0022 .0177 + .0020 .0150 + .001« 
1.  60 - 1.80 .0245 + .0023 .0168 + .0019 .0128 + .0017 
1 .  80 - 2.05 .0267 + .0024 .0180 + .b020 O
 
OO
 
+ .0020 
2.  05 - 2.30 .0233 + .0023 .0227 + .0023 .0218 + .0022 
2.  30 - 2.70 .0220 + .0022 .0366 + .0029 .0343 + .0028 
2.  70 - 3.20 0 + .0002 .0081 + .0013 .0211 + .0022 
35 
" [ n / . n , - ]  i "  
1 .80  -  2 .05  2.05 -  2.30 2.30 -  2.70 2.70 -  3.20 
.0233 + .0023 .0159 + .0019 .0153 + .0019 0.  + .0002 
.0155 + .0019 .0135 + .0017 .0267 + .0024 .0067 + .0012 
.0175 + .0020 .0135 + .0017 .0218 + .0022 .0132 + .0017 
.0209 + .0022 .1710 + .0020 .0218 + .0022 .0168 + .0019 
.0195 + .0021 .0153 + .0019 .0198 + .0021 .0138 + .0021 
.0312 + .0026 .0245 + .0023 .0330 + .0027 .0314 + .0027 
.0276 + .0025 .0319 + .0027 .0393 + .0030 .0094 + .0015 
Table 5.  Fi ts to the mass dependence of  the ppw°, prnr^ and pmr 
Dal  I tz  plots® 
2 2 
Fit  numbers States Fi t ted M.+ in MeV/c M n In MeV/c P in A A o „  
MeV/c 
1 
2 
3 
4^ 
5 
6 
— o ppit 
— o ppit 
— o ppit 
— o ppit 
— + — -
pniT + pniT 
pnir + pmr 
1238 + 4 
1246 + 31 
1 2 3 6  + 4  
1 2 3 9 + 3  
1 2 2 7 + 5  
1 2 4 3 + 5  
149 ^ 16 
200 + 112 
120 ( f ixed) 
126 +  10  
1 1 4 + 1 5  
1 2 1 9 + 1 0  1 4 3 + 1 7  
— o ,  —• + 
ppir + pniT 
+ pniT 
•— o — + 
ppir + pnîT 
+ pmr 
1 2 3 4 + 3  
1 2 3 6 + 4  1 2 2 4 + 5  
145 + 15 
142 + 14 
— o ,  + 
ppir + pmr 1 2 3 3 + 4  1 2 2 0 + 7  135 + 15 
+ pmr 
The errors displayed here are from the square root of  the diagonal  
elements of  the covar iance matr ix obtained when Bevington's X is  set  
equal  to 0.  They are typical ly wi th in 10% of  the value obtained from 
a fu l l  error analysis,  where the error is  def ined as that  Increment in 
the concerned parameter such that  the remlnlmlzed % I  s 1 unî t  greater 
than the value at  the minimum. 
^This f i t  is the one displayed in Figure 8.  
^This f i t  is the one displayed in Figure 9.  
^These angles are for  the p^° state.  For the summed ^mr^ and pmr" 
states,  a Is 146 + 3° and 3 is  51 + 4°.  
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a, a^+ a 3 x^/v 
(degrees) (degrees) 
2.2 ( f ixed) ,66 ^  ,05 - -  - -  2.10 
15. + 59. .58 + .04 — - -  2.14 
.5 + .8 ,59 ^  .02 - -  — 2.17 
0.0 ( f ixed) ,60 + ,03 — — 2.19 
0.0 ( f ixed) .52 +_ ,05 — 3.52 
0.0 ( f ixed) .84 ^  ,08 — --  2.29 
IA.O = ,30 + .05]  A — 
2.2 ( f ixed) ,65 +.-01 — 2.75 
2.2 ( f ixed) ,64 + .01 — - -  2.72 
2.2 ( f ixed) .717 + .006 107+6^ 29+11^ 2.53 
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Figure 8.  The f i t  to the ppiT° Dal i tz p lot  wi th Aj  f ixed at  0.  Note the shi f t  of  the A 
(Figure 8e) and the A° (Figure 8g) toward the edge of  phase space 
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between the observed production and the observed A° production is 
8.4 ^  1.6,  consistent wi th Sears '  resul t  of  7 and inconsistent wi th iso-
spin invar iance. The isospin invar iance of  the strong interact ion is 
such a basic idea that  one hesi tates to quest ion i t  unt i l  a l l  other 
possibi l i t ies have been discarded. One such possibi l i ty  is  that  the 
d i f ferent ia l  cross sect ion should be wr i t ten as a coherent sum of  the 
var ious processes occurr ing (A^ product ion,  A° product ion,  and background 
product ion) rather than an incoherent sum. This has been suggested by 
other authors (12) for  d i f ferent reasons. 
When the incoherent sum of  the A and A and background mass dependen­
ces fa i led to give sat isfactory f i ts ,  a coherent sum was t r ied,  wi th a 
relative phase a between the A and A and a relative phase $ between the A 
and the background. The ampl i tudes e for  the A and the A decays were 
wr i t ten as 
m 
(45) 
where 
tan 6 (46) 
F i t  9  i s  t o  t h e  f o r m  ( f o r  t h e  p p n °  s t a t e )  
D ^ A ^ L - A  E ( M  o )  + | A  E ( M - O )  +  C '  +  2 [ | a C '  E ( M  o)]^cos ( G - 6  o) (4?) j pm j pm I j I pm piT 
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2 
+ 2[y A C| E(M^^o) l^cos(g-a-ô—^o) + j  A[E(Mp^o)E(M—^o)] '  
X cos(a+ô— 0-6 o) 
pTT piT 
where 
^ 2 
C -  = (-L_) c,. (48) 
The phase shi f t  6 must be set  to 0 to obtain a f i t  at  a l l .  Fi t  9 is  dis­
p l a y e d  i n  F i g u r e  9  s u p e r p o s e d  c n  t h e  e f f e c t i v e  m a s s  h i s t o g r a m s  o f  a l l  
part ic le combinat ions of  a l l  three f inal  states,  The agreement wi th the 
A° peak is  much bet ter .  The lower curve in each case is  the contr ibut ion 
from the f lat  background and the top curve is  the fu l l  d i f ferent ia l  cross 
sect ion,  wi th interference ef fects,  
C. Decay Angular Distr ibut ions 
I f  we def ine an angle 0 in the rest  f rame of  a A(T) resonance which 
decays to a nucléon (ant inucléon) and a pion as the angle between the 
n u c l é o n  ( a n t i n u c l é o n )  d e c a y  p r o d u c t  a n d  t h e  d i r e c t i o n  o f  t h e  i n i t i a l  
proton (ant iproton) momentum as v iewed in that f rame, and an angle ® as 
the azimuthal  angle measured f rom the x-axis in the x-y plane of  the r ight-^ 
handed coordinate system having the z-axis along the direct ion of  the 
in i t ia l  proton (ant iproton) momentum and the y-axis along the normal to 
the product ion plane, then the decay angular d istr ibut ion of  the A (a )  is  
given by (23) 
|G(a)|^ = W(8,0) = 2^ N [p^^sin 20 + ( j  -  p^^) ( j  + cos^0) 
(49) 
2 2 
-  — Re p,  ,  sin 20 cos 2<|)  -  — Re p. ,  s in 20 cos (J) 
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sum of  ampl i tudes. The lower curve Is the background contr ibut ion and the 
upper curve Is the fu l l  ampl i tude wi th a l l  Interference ef fects included 
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where N is  the number of  events in the d istr ibut ion.  The p . ,  are the ij 
spin-densi ty matr ix elements.  This def in i t ion of  (9,( j ) )  is  referred to 
as a in Equat ions (36) and (37) of  the last  sect ! in.  Equat ion (49) can 
be integrated on i}) to  give 
(cos 9) = N[( ;^+ pgg) + 3(^-  Pq^ïcos^G] (50) 
and integrated on cos 0 to give 
~  2 ^  ~  P 3  - ]  ]  .  ( 5 1 )  
The quant i ty Rep^j  can be obtained by integrat ing Equat ion (49) over 
only hal f  the range of  cos 0,  f rom 0 to 1,  and not ing that the distr ibut ion 
so obtained is Ident ical  to that  obtained by integrat ing W(0,$ + IT )  over 
the other hal f  of  the range of  cos 0,  f rom -1 to 0.  Thus we have 
W 2 ( # ' )  = (1 -  Re p^ _^cos 2* '  -  Re p^^ cos cf i '  )  (52) 
where ^ for  0 < IT/2 and = (J) +  TT for  0 > TT/2.  The normal to the 
product ion plane is def ined as 
n = P, X P3 /  IPJ X P3I (53) 
where p^ is  the momentum of  the incident proton (ant iproton) and p^ is  
the momentum of  the ant inucleon (nucléon) as v iewed in the A (Â) rest  
f rame. The d istr ibut ion corresponds to def in ing 4» w i th respect to 
the coordinate system 
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( i , j , k )  =  (n  X P ^ /1P J ,n ,p^ / lp |1  )  ( 5 4 )  
fo r  0 < Tr/2,  and def in ing ( j )  wi th  respect  to  the coord inate  sys tem 
= (-n X p^/ |p j  ,  -  n,p^/ lp j )  ^ (55) 
Unfortunately,  i t  turns out that  (J) i s  d istr ibuted according to W2(#')  
whi le <)) '  is  d istr ibuted according to W^((t>).  
The A and T states were separated for  th is study by including those 
2 A(Â1 events  which were w i th in  the square o f  one f i t ted  wid th ,  ,  o f  
2 
the f i t ted mass value squared, of  the A(Â) and not wi th in the equiva­
lent  region of  the A(A).  The regions used are sketched in Figures 10 
and 11. Those d istr ibut ions which are required to be ident ical  by charge 
conjugat ion invar iance were added before doing any f i ts .  Only the dis­
t r ibut ions obtained from the ppn° state were used to f i t  the histograms 
shown In Figure 12 to Equat ions (50),  (51),  and (52),  as these distr ibu­
t ions were thought to have l i t t le contr ibut ion from background. 
Simultaneously f i t t ing W^(<j>')  to the (J) '  d istr ibut ion and WgtO) to 
the (j) distribution gave a x of 269 for 22 degrees of freedom; the (j) 
distr ibut ion contr ibuted 254 to that  value. The (p'  and <() d is t r ibut ions 
were then "parameter ized" according to WgCt ' )  and W^(i}>),  wi th the resul ts 
l is ted in Table 7.  The resul t  of  f i t t ing the cos 0 d istr ibut ion to 
(cos 0) is  also given in Table 7.  The histograms f i t ted are l is ted in 
Table 6.  These last  f i ts  are displayed in Figure 12, superposed on the 
distr ibut ions from al l  of  the mass regions. 
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Figure 10. The mass regions used In the f i ts  to the decay 
angular d istr ibut ions 
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Figure 12. The angular d istr ibut ions for  A product ion and decay. The curves are 
the f i ts  discussed in the text  
Table  6 .  Product ion and decay angular  d is tr ibut ions  for  the  and A* 
which decay into  the  ppt r  s tate  
cos  0  N (J)  in  degrees  N 
-1 .0  to  -0 .8  151.  +  12 .  0 .  to  30 .  32 .  +  
LA 
-0 .8  to  -0 .6  117.  +  11 .  30 .  to  60 .  37 .  +  6 .1  
-0 .6  to  -0 .4  100.  +  10 .  60 .  to  90 .  90 .  +  9 .5  
-0 .4  to  -0 .2  99 .  +  10 .  90 .  to  120.  112 .  +  11 .  
-0 .2  to  0 .0  82 .  ±  9-1  120.  to  150.  127 .  +  n .  
0.0  to  0 .2  81 .  +  9 .0  150.  to  180.  121 .  +  11 .  
0 .2  to  0 .4  105.  +  10 .  180 .  to  210.  107 .  +  10 .  
0 .4  to  0 .6  85 .  +  9 .2  210.  to  240.  116 .  +  11 .  
0 .6  to  0 .8  83 .  +  9 .1  240.  to  270.  116 .  +  11 .  
0 .8  to  1.0  97 .  +  9 .8  270.  to  300.  67 .  +  8 .2  
300.  to  330.  46 .  +  6 .8  
330.  to  360.  29 .  +  5 .4  
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y în degrees  N - t ' In  (GeV/c)^ N/(GeV/c)^ 
0 .  to  30 .  66 .  +  8 .1  0 .  to  i 0 .15  3927.  +  162.  
30 .  to  60 ,  62 .  +  7 .9  0 .15  to  0.30 1293.  +  93 .  
60 .  to  90 .  93 .  ^  9.6  0 .30  to  0 .45  467.  + 56.  
90.  to  120.  95 .  +  9 .7  0 .45  to  0.60 240.  +  40 .  
120 .  to  150.  102 .  +  10 .  0 .60  to  0 .75  133.  + 30.  
150.  to  180.  92.  +  9.6 0.75  to  0.90 107.  + 27.  
180.  to  210.  73 .  +  8 .5  0.90 to  1 .20  100.  +  18 .  
210 .  to  240.  91 .  +  9 .5  1 .20  to  1.50 36.7 +11.  
240.  to  270.  113 .  + 11.  1.50  to  1 .80  43 .3  +  12 .  
O
 
CM 
to  300.  84 .  +  9 .2  1 .80  to  2 .10  20 .0  +  8 .2  
300.  to  330.  71 .  +  8 .4  2 .10  to  2 .40  16 .7  +  7 .5  
330.  to  360.  58,  + 7 .6  2 .40  to  3 .00  20 .0  +  5 .8  
Table  7 .  F i ts  to  angular  d is tr ibut ions  of  events  in  the  A and A region of  the  —— 0  ppir  s tate  
Di  s tr ibut  ions  
Fi t ted  
Funct ions  Used Parameters  X^/v  Probab i l i ty  
(j) and (}>' WgtOi .Wgf*' )  R e  p g  ^  =  . 1 2  ^  . 0 1 ;  
Re Pg j  =  - .07  .01  
12.  0 
(j) and (fl' Re  p^ =  .068  +  .013  ;  
Re p-  ,  =  - .250  + .008 j ,  1 — 
1 . 8  1% 
cos  0  (cos  0)  P33 =  .196  +_ .007  2 . 8  .4% 
t  " ^mln H ( t ' )  c  =  3 .92  +  .20  X 10^ events / (GeV/c)^;  
b  =  6 .46  +  .26  (GeV/c)  ^  
4 . 4  35 .% 
®0n1y the  f irs t  6  points  were  used in  th is  f i t .  
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D. Product ion Angular  Dis tr ibut ions  
The form chosen for  H(t )  was  the  s imple  exponent ia l  form which i s  
usual ly  appl icable  to  per ipheral  interact ions  at  low values  of  t .  
H(t )  =  Ce^^ (56)  
The A and A s tates  were  separated as  descr ibed in  the  las t  sect ion.  The 
f i t  i s  l i s ted  in  Table  7  and displayed in  Figure  12 ,  
E.  Summary 
One p ion product ion in  pp interact ions  has  been s tudied over  the  
momentum range  1 .23  GeV/c  to  6 .94  GeV/c .  At  the  lower  energies  the  three  
f inal  s tates  ppn° ,  pnir^ and pnu are  dominated by A (1236)  and A(1236)  
product ion.  The pnir  and prnr s tates  are  plagued at  a l l  energies  with  
contaminat ion problems,  which can be  seen indirect ly  as  a  problem with  
ambiguous  events  in  Sears  aj_«  a t  2 ,7  GeV/c  (8)  and Ferbel  £] . •  a t  
3 -4  GeV/c  (14)  and can be  seen more  d irect ly  in  the  s tudy of  the  Monte  
Carlo  generat ion of  fake  events  done by Lynch e t  a l .  at  1 .61  GeV/c  (12)  
and by BCckt iann e^  aj_ .  a t  5 .7  GeV/c  (17) .  The contaminat ing  events  have  
enough of  the  propert ies  of  bad f i t s—i .e . ,  s low momentum of  the  miss ing  
neutral  part ic le  (24) ,  h igh values  of  x  » equal ly  good f i t s  to  other  f inal  
s tates ,  beam momentum far  from the  central  value—that  they  can be  
substant ia l ly  e l iminated by judic ious ly  chosen cuts .  The contaminat ing  
events  appear  in  spec i f ic  regions  of  mass  and angular  d is tr ibut ions  which 
are  d i f ferent  for  the  d i f ferent  f inal  s tates  contaminated.  This  leads  to  
apparent  v io lat ions  of  the  i sospin  and charge  conjugat ion invariance  of  
the  s trong interact ions;  converse! / ,  any real  v io lat ions  would be  masked 
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by the  contaminat ing  events .  
Enough quest ions  about  the  appl icabi l i ty  of  one  pion exchange  to  
these  react ions  have  been ra ised that  such an assumption about  the  pro­
duct ion mechanism has  been avoided in  so  far  as  poss ib le  in  th is  thes is .  
Unfortunate ly ,  no  other  models  ex is t  for  these  s tates;  even the  general ly  
accepted parametr izat ion of  the  mass  dependence  of  the  decay of  the  
A (1236)  depends  on th is  assumption (22) .  
An Incoherent  sum of  the  mass  dependence  of  the  decay of  the  6(1236) ,  
o f  the  decay of  the  a"(1236) ,  and of  a  constant  background with  only  one  
mass  for  both the  a"*" and the  A° does  not  reproduce  the  mass  dependence  of  
the  A°  very  wel l .  A coherent  sum improves  the  agreement  between the  
f i t ted  funct ion and the  mass  h is tograms,  but  i s  s t i l l  not  as  good as  i t  
might  be .  The decay angular  d is tr ibut ions ,  coupled with  the  fact  that  
when the  radius  parameter  A^ i s  freed i t  chooses  a  value  cons is tent  with  
zero ,  suggest  that  a  form for  the  mass  dependence  of  the  A(1236)  decay 
which assumes  vector  meson exchange  might  be  in  order  (12) .  
In  conclus ion,  l i t t le  i s  known with  certa inty  about  the  one  pion 
product ion s tates  pprr° ,  pnn*,  and pmr ,  a l though the  s tates  are  r ich  in  
consequences  of  the  invariance  propert ies  of  the  s trong interact ion.  Con­
trary  to  the  suggest ions  of  some recent  authors ,  i t  i s  not  necessary  to  
discard bas ic  ideas  l ike  charge  conjugat ion and i sospin  invariance  of  the  
s trong interact ion to  expla in  the  mass  and angular  dependence  of  the  one  
pion product ion s tates ,  but  i t  i s  not  c lear  what  the  best  a l ternate  
poss ib i l i ty  i s .  
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VII .  APPENDIX A:  AMBIGUITIES 
An examinat ion of  the  scat ter ing  angle  in  the  center  of  mass  o f  each 
part ic le  with  respect  to  the  inc ident  p  d irect ion reveals  an apparent  
v io lat ion of  charge  conjugat ion invariance;  there  are  more  T T  going for­
ward in  the  center  of  mass  (Figure  13h)  than there  are  going backward 
(Figure  13d) .  This  could  be  due  to  backward events  not  get t ing  through 
the  process ing  system,  or  i t  could  be  due  to  too  many events  of  other  
f inal  s tates  rece iv ing  spurious  f i t s  to  the  pnTr s tate ,  or  perhaps  charge  
conjugat ion i s  real ly  v io lated.  This  las t  poss ib i l i ty  i s  so  repugnant  
that  a  lengthy s tudy of  the  other  poss ib i l i t ies  i s  necessary .  The two 
experiments  must  be  s tudied separate ly  because  they  had d i f ferent  scanning 
and measuring procedures ,  and those  procedures  must  now be  quest ioned.  
See  Chapter  II  for  the  deta i l s  of  the  d i f ferences .  The or ig inal  s tudy was  
done  on Experiment  B,  and the  f igures  which wi l l  be  shown in  th is  d is ­
cuss ion are  for  Experiment  B only ,  but  the  s tatements  made be low are  
val id  for  both experiments .  The cuts  determined from the  s tudy were  
appl ied  to  each experiment  separate ly  to  check the ir  val id i ty  before  
apply ing  them to  the  summed experiments  to  obtain  the  f inal  data  sample .  
The d i f ference  between the  forward TT f i t s  to  the  pnir  s tate  and the  
backward f i t s  to  the  pnir^ s tate  i s  about  200  events  out  of  1800 ob­
served in  the  TTpir  s tate .  I f  th is  i s  a  loss  of  s low ir^ events ,  i t  i s  a  
substant ia l  one  and should  be  easy  to  trace  down.  When th is  discrepancy 
was  f irs t  observed,  there  ex is ted  a  c lass i f icat ion of  los t  events  ( see  
Chapter  I I ,  Scanning and Measuring Procedures)  which had not  been 
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Figure  13-  Angular  d is tr ibut ions  in  the  center  of  mass  for  Experiment  B.  0  i s  the  angle  the  
momentum of  the  g iven part ic le  makes  wi th  the  d irect ion of  the  inc ident  ant iproton.  
Note  that  the  react ion i s  h ighly  per ipheral  ( the  nucléon and ant inucleon reta in  
the ir  in i t ia l  d irect ions)  and that  there  i s  an excess  of  forward i r "  events  in  the  
pmr" f inal  s tate .  The upper  h is tograms are  the  uncut  data  and the  smal ler  his tograms 
are  the  events  exc luded by the  cuts  d iscussed in  the  text  
remeasured and which might  contain  contr ibut ions  to  the  npn* f inal  s tate  
i f  the  TT^ was  s low and s teeply  dipping,  so  that  i t  was  ca l led  a  " lost  pro­
ton" or  "dark track" even af ter  examinat ion of  the  tracks  for  ionizat ion 
cons is tence .  Note  that  i f  Figure  13h i s  to  match Figure  13d by  adding 
events  to  the  npir  s tate ,  the  T T  must  go  backward in  the  center  of  mass ,  
and must  do  so  with  high momentum for  Figure  I4d to  match Figure  14h as  
required by charge  conjugat ion invariance .  Thus  the  events  needed could  
very  wel l  have  been fa lse ly  labeled " lost  protons" i f  they  were  s teeply  
dipping as  wel l  as  s low in  the  laboratory .  The " lost  proton" category 
was  remeasured and again  checked for  ionizat ion cons is tence  of  the  f i t s ,  
th is  t ime with  spec ia l  at tent ion paid  to  s teeply  dipping pos i t ive  tracks .  
No appreciable  contr ibut ion to  the  npn* s tate  developed from th is ;  in  
fact .  Figures  13-16  inc lude  the  events  from th is  remeasure .  
— + 
Those  events  which d id  have  a  npir  f i t  but  had been c lass i f ied  af ter  
ion checking as  " lost  protons" were  further  examined by treat ing  each of  
the  charged tracks  in  turn as  unmeasured and examining the  miss ing  mass  
against  the  other  track.  Al l  such events  were  found to  be  e last ics ;  i . e . ,  
2  the  miss ing  mass  was  approximate ly  938  MeV/c  for  both tracks .  Thus  few,  
i f  any,  n^Tr^ events  were  los t  or  mi  sc l  ass  i  f  i  ed ,  and the  poss ib i l i ty  that  
the  d i f ference  between the  pnn* and the  npir  s tates  i s  due  to  a  lack of  
"  4* 
events  in  the  pmT s tate  can be  d iscarded.  
The pÏÏTT s tate  was  examined in  greater  deta i l .  I t  turns  out  that  
there  i s  a  h igh corre lat ion among the  fo l lowing:  
(a)  Events  la te  in  the  chamber,  where  the  outgoing tracks  cannot  be  
wel l  measured;  
(a)  ( d )  (g)  
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Figure  14 .  The d is tr ibut ions  ot  the  momenta  in  the  cen^ter  o f  mass  for  Experiment  B.  Note  the  
excess  of  high momentum ir" events  in  the  pmr" f inal  s tate .  The upper  h is tograms 
are  the  uncut  data  and the  smal ler  h is tograms are  the  events  exc luded by the  cuts  
d iscussed in  the  text  
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are  the  uncGt data  and the  smal ler  his tograms are  the  events  exc luded by the  cuts  
d iscussed in  the  text  
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Figure  16 .  The momentum of  the  neutral  part ic le  as  v iewed from the  target  rest  frame and as  
v iewed from the  beam rest  frame In  Experiment  B.  Note  the  excess  of  s low ant ineutrons  
in  the  laboratory  frame.  The upper  h is tograms are  the  uncut  data  and the  smal ler  
his tograms are  the  events  exc luded by the  cuts  d iscussed in  the  text  
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(b)  Events  having f i t s  to  more  than one  f inal  s tate ,  which could  
not  be  reso lved by ion checking;  
(c )  Events  having a  high x  for  the  f i t  obtained;  
(d)  Events  wi th  a  s low n in  the  laboratory  frame^ (24) ;  
(e )  Events  having a  miss ing  mass  before  the  f i t  far  from the  
appropriate  neutral  part ic le  mass;  
( f )  Events  having a  beam momentum far  from the  central  va lue;  
(g)  Events  wi th  a  pmr f i t  with  the  it going forward in  the  center  
of  mass;  
(h)  Events  wi th  a  pmr f i t  with  a  pi t  mass  combinat ion in  the  region 
-  = 2 .8  (GeV/c^)^.  pn 
We would l ike  to  remove as  many o f  the  quest ionable  f i t s  (a) - ( f )  as  
poss ib le  but  in  a  manner  such that  we know how to  correct  for  the  loss  
2  
of  real  events .  A x  cut  and a  f iducia l  volume cut  immediate ly  suggest  
themselves .  The f iducia l  volume cut  i s  suggested in  Figure  17;  the  
ambiguous  events  are  concentrated above  a  vertex  pos i t ion of  20  inches .  
2 2 The X cut  i s  suggested by Figure  18 .  Below a  x  of  1 ,  the  d is tr ibut ion 
of  the  n momentum in  the  laboratory  pret ty  wel l  matches  the  d is tr ibut ion 
2  
at  X =  0 .  In  contrast ,  the  re lat ive  populat ion of  s low neutrals  above  
2 2 
X  = 3  exceeds  the  re lat ive  populat ion of  s low neutrals  near  x  =  0 .  The 
cut  chosen i s  as  fo l lows .  I f  there  was  an ambigui ty  remaining af ter  ion 
^The pmnr f inal  s tate  has  a  preponderance  of  fast  neutrals ,  so  an 
excess  of  s low_on^s  i s  much more  not iceable  In  th is  s tate  than i t  would 
be  in  say  the  pntr  s tate ,  where  the  neutrals  are  most ly  s low.  Slow 
neutrals  are  subject  to  quest ion;  I .e . ,  l ike ly  to  be  spurious  f i t s .  
See  Figures  15  and 16 ,  
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2  
checking,  a  f i t  was  chosen only  i f  i t s  x  probabi l i ty  was  greater  than 5  
t imes  that  for  any other  remaining acceptable  f i t .  Otherwise  a l l  f i t s  
to  the  event  were  d iscarded.  For  the  remaining sample ,  i f  the  vertex  was  
beyond 20" and the  x  for  the  f i t  was  greater  than 2 ,  the  f i t  was  
d iscarded.  These  cuts  were  made on a l l  3  o f  the  f inal  s tates  ppn° ,  
pnTT ,  and prnr .  The e f fect  of  the  cuts  on Experiment  B are  Indicated by 
the  his tograms In  Figures  13-16 .  In  each case ,  the  upper  h is togram i s  
the  data  from Experiment  B before  any cuts  and the  lower  his togram i s  the  
events  removed by the  cuts .  Qual i tat ive ly  s imi lar  his tograms resul ted  
when these  same cuts  were  appl ied  to  Experiment  A.  
I t  Is  o f  interest  to  note  In  the  Sears  paper  (8)  that  the  ambiguous  
events  had a  s imi lar  e f fect  on the  e f fect ive  mass  d is tr ibut ions  at  
2 .7  GeV/c  as  they  do In  the  present  experiment;  that  I s ,  the  ambigui t ies  
(and thus  a l so  other  quest ionable  f i t s )  are  concentrated In  the  region of  
1 .55  -  1 .71  GeV/c^ in  the  p lot  of  the  e f fect ive  mass  o f  the  pit  in  the  
npTT s tate ,  as  they  are  in  Figure  15g,  g iv ing  r i se  to  an apparent  excess  
of  events  in  that  mass  region.  When a  funct ion having the  form of  Equa­
t ion (40)  Is  f i t ted  to  such a  contaminated f inal  s tate ,  the  resul t ing  f i t  
would have  a  re lat ive  def ic iency  of  events  in  the  low mass  region of  the  
6 (1236) .  
Fiducia l  volume cuts  of  3 .8" to  18 .2" for  Experiment  A and of  3 .5" to  
25 .0" for  Experiment  B were  a l so  imposed.  These  f iducia l  volume cuts  are  
necessary  in  order  to  obtain  a  smal l  error  on F  (see  Chapter  III )  as  part  
o f  the  normal izat ion of  the  experiment .  The e f fects  of  these  f iducia l  
volume cuts  are  not  inc luded in  the  s tudy In Table  a .  Beam momentum cuts  
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of  2  s tandard deviat ions  from the  central  value  were  a l so  imposed;  these  
cuts  are  inc luded In the  s tudy in  Table  8 ,  
The cuts  appl ied  to  Experiments  A and B had not  yet  been determined 
when the  analys is  in  reference  5  was  done  on Experiment  A.  
To f ind the  normal izat ion factors  to  turn numbers  o f  events  into  
cross  sect ions ,  we need to  know how many real  and how many fake  f i t s  are  
in  the  f inal  data  samples ,  and how many real  events  were  d iscarded by the  
cuts .  There  are  two ways  of  doing th is  with  the  cuts  chosen.  The f irs t  
2  
one  i s  to  use  the  theoret ica l  shapes  of  the  x  d is tr ibut ion and of  the  
gauss ian beam momentum d is tr ibut ion to  es t imate  the  area  under  the  curves  
outs ide  of  the  cuts  as  an es t imate  of  the  los t  real  events .  The excess  
of  events  removed by the  cuts  over  th is  es t imated number o f  real  events  
los t  would be  the  number o f  spurious  t i t s  removed.  Unfortunate ly ,  even 
2 for  a  perfect  experiment ,  the  ta i l s  of  the  x  and beam momentum d is tr ibu­
t ions  would not  match the  theoret ica l  ones .  Also  th is  technique g ives  no 
way of  es t imat ing  the  remaining contaminat ion,  and no  way of  es t imat ing  
the  number o f  real  events  los t  by the  ambigui ty  cut .  The second way i s  
to  use  the  losses  in  regions  of  var iables  where  few quest ionable  events  
appear  to  es t imate  the  los t  real  events ,  and use  CP Invariance  to  examine  
the  regions  where  many quest ionable  events  appear  in  order  to  es t imate  the  
remaining contaminat ion of  spurious  f i t s .  We have  a lready seen that  the  
apparent  CP v io lat ions  between the  prnr s tate  and the  s tate  diminish  
when any p laus ible  cut  to  e l iminau:  cpurious  f i t s  i s  appl ied .  
S ince  s low neutrals  can be  eas i ly  faked by other  f inal  s tates  (2 l j ) ,  
one  might  expect  to  see  contaminat ion in  the  ppn°  f inal  s tate  as  an 
Table  8 .  Study of  the  e f fect iveness  of  the  cuts  descr ibed in  Appendix  A 
—  o  — +  —  -  + ~ o  + -
PPTT npTT pnTr IT TT TT TT TT K K 
Number o f  f  i  t s  
before  any cuts  2782 2668 3056 760 17  8  
Est imated fake  
f i t s  present  
or ig inal ly  
(U =  unknown)  73+38 U 404  +  45  U U U 
Number o f  events  
af ter  a l l  cuts  2369 2111 2344 643 15  6  
Est imated real  
events  d iscarded 
by cuts  282 +  29  471 +  37  363 +35 1 1  
Apparent  contamina­
t ion removed 131 ^  29 86  37  349 ^  35 U U U 
Est imated fake  
f i t s  remaining 54+36 U 36+37 U U U 
Corrected number o f  
real  events  present  
in  in i t ia l  sample® 2651 +  29  2582 +  37  2707 +35 < 643 15  6  
Cc .894  +  .010  .817  +  .012  .866  +  .011  1 .  1 .  1 .  
®The uncerta inty  here  i s  only  the  uncerta inty  in  the  determinat ion of  the  number o f  los t  real  
events;  to  avoid  count ing  the  s tat i s t ica l  uncerta inty  twice ,  i t  i s  to  be  fo lded in  every  t ime the  
factors  F in  Table  2  of  Chapter  III  are  appl ied  to  experimental  numbers  or  d is tr ibut ions ,  such as  
the  numbers  in  Tables  3  and 4 ,  or  in  the  ca lculat ion of  the  tota l  cross  sect ions  l i s ted  in  Table  2 .  
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asymmetry  in  the  scat ter ing  angle  of  the  TT°  in  the  center  of  mass  cos0^^ 
(Figure  3c) .  The f irs t  and las t  ten  bins  of  the  his togram of  the  cos8^^ 
of  the  71°  were  therefore  compared to  each other  to  get  an indicat ion of  
the  remaining contaminat ion of  the  ppm° s tate .  CP invariance  predicts  
such a  d i f ference  should  be  zero  for  an uncontaminated sample  of  ppn°  
f i t s .  S ince  CP invariance  a lso  says  that  the  number of  forward tt events  
should  equal  the  number of  backward IT"'' events, the ten forward bins of 
the  cosG^^j  h is togram of  the  ir  were  compared to  the  ten  backward b ins  of  
the  to  es t imate  the  remaining contaminat ion of  the  pnir  s tate .  What  
such a  comparison actual ly  tes ts  i s  the  re lat ive  contaminat ion between the  
two s tates;  the  npir^ s tate  must  be  assumed to  be  re lat ive ly  c lean in  order  
to  be  compared to  the  pnir  s tate .  This  seems reasonable  s ince  the  
pr inc iple  contaminat ion of  the  pnir  s tate  i s  from spurious  f i t s  to  events  
which are  real ly  e last ics ,  but  these  spurious  f i t s  were  careful ly  searched 
for  and e i ther  remeasured or  c lass i f ied  as  " lost  protons ."  The numbers  
o f  real  events  e l iminated by each cut  in  each of  the  three  s tates  were  
es t imated by comparing the  number o f  events  before  and af ter  each cut  in  
the  center  twenty  b ins  about  cos8g^ = 0  for  the  TT.  These  regions  were  
chosen because  the  quest ionable  events  ( the  lower  his tograms in  Figure  13)  
had l i t t le  contr ibut ion in  these  regions .  This  s tudy of  the  cuts  
descr ibed revealed that  only  the  ambigui ty  cut  d iscarded take  events  for  
the  ppn°  s tate  and the  pnn^ s tate;  the  beam momentum cut  and the  cut  
d iscarded primari ly  real  events .  However ,  for  the  pnTr s tate  a l l  three  
2 
cuts  d iscarded more  fake  events  than real .  For  the  x  and beam momentum 
cuts ,  the  es t imates  of  the  number o f  los t  real  events  so  obtained were  
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2  
cons is tent  with  the  numbers  obtained from the  areas  under  the  % and 
g a u s s i  a n  t a i l s .  
The es t imated overal l  e f fects  of  these  cuts  are  l i s ted  in  Table  8  
a long with  the  e f f ic iency  factor  e  ^ needed in  the  normal izat ion of  
^  '  cuts  
Chapter  i l l .  The quant i ty  "est imated fakes" i s  the  es t imate  of  the  
contaminat ion which was  obtained by comparing the  forward and backward 
7F d i s tr ibut ions  in  the  center  of  mass .  The quant i ty  "est imated real  
events  d iscarded" comes  from the  d i f ference  between the  central  parts  of  
the  IT h i s tograms before  and af ter  the  cuts .  The quant i ty  "apparent  con­
taminat ion removed" i s  the  d i f ference  between the  number o f  f i t s  removed 
by  the  cuts  and the  es t imated number o f  real  events  d iscarded by the  cuts .  
This  las t  number i s  to  be  used as  an es t imate  of  the  conf ined accuracy of  
the  techniques  for  es t imat ing  remaining contaminat ion and for  es t imat ing  
the  number o f  real  events  d iscarded.  
In  summary,  several  apparent  independent  v io lat ions  of  CP invariance  
were  re lated to  each other ,  and seemed to  be  due  to  contaminat ion of  the  
pnï ï  s tate  with  spurious  f i t s  to  events  of  some other  s tate .  Any cut  
des igned to  e l iminate  such spurious  f i t s  decreased the  amount  o f  apparent  
CP v io lat ion.  A combinat ion of  cuts  was  found which decreased the  re la­
t ive  contaminat ion without  ser ious ly  reducing the  number o f  real  events  
remaining.  A way of  es t imat ing  the  contaminat ion and the  e f f ic iency  of  
the  cuts  in  removing spurious  f i t s  versus  real  events  was  devised and 
used to  es t imate  the  number of  real  events  present  before  the  cuts .  This  
number i s  necessary  for  ca lculat ion of  the  tota l  cross  sect ion.  
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V I I I .  A P P E N D I X  B :  F I T T I N G  P H I L O S O P H Y  
The basic phi losophy of  calculat ing theoret ical  densi ty funct ions is  
to consider every b in of  the histograms to represent an area in n-
dimensional  space. The number of  events in the bin is thus an n-dimension-
al  integral  of  the densi ty funct ion from the lower to the upper bounds of  
the b in,  rather than the value of  the densi ty funct ion at  the center of  
the n-dimensional  b in.  For example,  i f  y^(x) is  the theoret ical  densi ty 
funct ion descr ib ing data presented as a l -d imensional  h istogram having 
bins of  width Ax and centers x. ,  then the theoret ical  histogram height for  
the i th bin should be: 
Xj +  Ax/2  
The data can then be binned in whatever width is appropr iate to the 
s t a t i s t i c a l  a c c u r a c y  d e s i r e d  w i t h o u t  l o s i n g  t h e  c o r r e s p o n d e n c e  b e t w e e n  
the theoret ical  funct ion and the f in i te numbers of  events.  For example,  
in  the  region of  the  A(1236)  mass  where  the  number of  nucleon-ant inucleon-
plon events  i s  large ,  a  smal l  b in  s ize  can be  used,  whereas  a  larger  bin  
s ize  i s  needed far  from the  A(1236)  mass  to  avoid  los ing  s tat i s t ica l  
2  
accuracy.  Thus  one  can use  x  to  do dens i ty  f i t s  in  n-dimensional  space  
in  a  re lat ive ly  smal l  amount  of  computat ion t ime,  as  opposed to  the  large  
amount  o f  computat ion t ime required for  a  maximum l ike l ihood f i t .  The 
b ins  chosen for  the  nucleon-ant inucleon-pion f inal  s tates  are  i l lustrated 
by the  heavy l ines  in  Figure  19  and the  bin  l imits  are  l i s ted  in  Tables  3  
and 4 ,  where  the  f i t ted  data  i s  l i s ted .  The b ins  have  been chosen such 
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Figure  19 .  I l lustrat ion or  the  2-dlmensional  h is trogram bins  (heavy 
l i n e s )  a n d  t h e  s u b d i v i s i o n s  ( f a i n t  l i n e s )  u s e d  i n  f i t t i n g  
the  ùP and the  A"*" product ion ampl i tudes  
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that  the  numbers  o f  events  in  each bin  are  approximate ly  equal .  
This  phi losophy brings  up the  problem of  doing fast  accurate  inte­
grals .  One wishes  to  sample  the  theoret ica l  funct ion at  as  few points  
i n  a n  n - d i m e n s i o n a l  b i n  a s  p o s s i b l e  a n d  s t i l l  g e t  a  r e s u l t  d e v i a t i n g  s i g ­
n i f icant ly  less  from the  real  va lue  than the  typical  data  point  does .  The 
method chosen i s  to  chop each n-dimensional  h is togram bin  into  an arbi trary  
number o f  subdivis ions  and then use  a  2-point  n-dimensional  Gauss  quadra­
ture  formula  with  var iable  l imits  in  each subdivis ion.  The sum of  the  
resul ts  for  the  subdivis ions  corresponds  to  the  number o f  events  in  the  
b in .  The number of  subdivis ions  i s  then adjusted so  that  the  resul t  i s  
j u s t  b a r e l y  a  s m o o t h  c u r v e .  T h e  s u b d i v i s i o n s  u s e d  i n  t h e  a m p l i t u d e  f i t s  
to  the  2-dimensional  nucleon-ant inucleon-pion mass  ( squared)  h is tograms 
are  I l lustrated by the  ta int  l ines  in  Figure  19 .  
The essence  of  an integrat ion technique us ing  a  Gauss  quadrature  
formula  i s  that  the  points  at  which the  integrand i s  evaluated can be  used 
to  obtain  addit ional  informat ion about  the  funct ion;  an n-point  Gauss  
q u a d r a t u r e  f o r m u l a  g i v e s  a n  e x a c t  i n t e g r a l  f o r  a  p o l y n o m i a l  o f  d e g r e e  2 n - l ,  
whereas  an n-point  polynomial  approximat ion to  the  integrand i s  only  exact  
f o r  a  p o l y n o m i a l  o f  d e g r e e  n - 1 .  
A 2 -point  Gauss  quadrature  formula  i s  g iven by (25) :  
/  f (x)dx = f (—• )  +  f (  —) 
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(58)  
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or  af ter  some s imple  transformat ions ,  by:  
(59)  
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where  
X =  Y (a+b+ -^-5 .  )  .  (60)  
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When the  subdivis ions  descr ibed in  the  preceding paragraph have  been ad­
justed by the  method descr ibed,  they  have  been adjusted to  a  s ize  such 
that  the  dens i ty  funct ion being integrated can be  approximated by a  
parabola .  
The Gauss  quadrature  formula  used g ives  trouble  near  the  boundaries  
because  a  s tep  funct ion cannot  be  approximated by a  parabola .  This  prob­
lem can be  e l iminated by adjust ing  the  s ides  of  each subdivis ion so  that  
at  least  one  s ide  l i es  ent ire ly  within  the  region over  which the  funct ion 
i s  def ined.  The s ide  which i s  ent ire ly  within  the  region i s  then taken 
as  the  outermost  integral .  Again  note  Figure  19  to  see  that  the  sub­
div is ions  on the  boundaries  have  been so  adjusted.  
The f i t t ing  program used was  a  local ly  wri t ten  general ized vers ion 
of  Bevington's  CURFIT (26) .  
